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Abstract 
Variations in the β-carotene, vitamin C and vitamin E content of D. tertiolecta have 
been shown to result from the nitrogen source used in the culture medium. Differences 
of 101%, 38% and 69% have been found in β-carotene, ascorbic acid and tocopherol 
content in mg/g of dry matter, respectively, and differences of 147%, 63% and 37% 
occurred in β-carotene, vitamin C and E concentrations in mg/litre of culture, 
respectively. Considering the β-carotene, vitamin C and vitamin E content in mg/g of 
chlorophyll a, maximum variations occurred in β-carotene content, with differences of 
145% among the different nitrogen sources. Maximum β-carotene and vitamin C values 
were found in urea cultures, whereas urea cultures showed the minimum values for 
vitamin E. 
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INTRODUCTION 
Marine micro algal biomass constitutes an important potential (Soeder, 1980). Marine 
microalgal mass culture has been focused on its use in aquaculture systems, but 
marine micro algae are considered today to be an important potential for a variety of 
products. 
The marine micro alga Dunaliella tertiolecta Butcher is a naked flagellate that provides 
excellent nutrition in aquaculture systems (Walne, 1974; Bayne, 1976; Laing & Utting, 
1980) and can be also used as raw material for Single Cell Protein (SCP) (Fabregas & 
Herrero, 1985) or as supply of minerals in fish diets (Fabregas & Herrero, 1986). 
Besides its high protein content, this marine microalga contains water- and lipid-soluble 
vitamins (Fabregas & Herrero, 1990) and can constitute, as other Dunaliella species 
(Richmond, 1986), a potential source of some of them. 
Great variability in the gross chemical composition of D. tertiolecta has been shown as 
a result of the source and concentration of nitrogen used in the culture medium 
(Fabregas et aI., 1989a ). This biochemical variability can be used for producing cells 
with biochemical contents that can be previously determined as a function of nitrogen 
source and concentration. 
The vitamin content of this microalga can be also affected by the source and 
concentration of nitrogen in the culture medium. Therefore, β- carotene, ascorbic acid 
and tocopherol content of D. tertiolecta were determined in cultures with different 
nitrogen sources. 
METHODS 
The marine microalga Dunaliella tertiolecta was obtained from The Culture Centre of 
Algae and Protozoa, Cambridge, England. D. tertiolecta was cultured with different 
sources and concentrations of nitrogen. It was cultured in seawater filtered through a 
0,45 µm Millipore filter, autoclaved at 120'C for 60 min and enriched with ZnCl2, 1 µM; 
MnCl2, 1 µM; Na2MoO4, 1 µM; CoCl3, 0·1 µM; CuSO4, 0·1 µM; ferric citrate, 20 µM; 
thiamine, 35 µg/litre; biotin, 5 µg/litre; B12 , 3 µg/litre; EDTA, 26-4 mM; TRIS-HCl, 15 
mM; pH 7·6. Mass cultures of D. tertiolecta  were carried out with four nitrogen 
sources: nitrate (NaNO3), nitrite (NaNO2), ammonium  (NH4Cl) and urea ((NH2)2CO), at 
a concentration of 2 mg atom N /litre. Culture conditions had previously been optimized 
for maximum biomass production (Fabregas et al., 1989b). 
Cultures were carried out at laboratory scale in a 10 litre flask with 9 litres of culture 
medium. All cultures were maintained in a controlled environmental incubator at 18 ± 
1ºC, 35%0 salinity and a light intensity of 120 µE m
-2, S-1 from fluorescent lamps 
(Osram daylight L55/10). A 12:12  light-dark cycle was maintained. An inoculum of 6 x 
105 logarithmic phase cells/ml was used. Cultures had air continuously bubbled through 
them at a rate of 15 litres/min. 
Cellular density was determined by counting culture aliquots in a Thoma chamber. 
Chlorophylls were extracted from the cells in acetone-methanol 2:1 at 4ºC for 24 h. The 
extracts were filtered through a Fluoropore Millipore filter for clarification (Fabregas et 
af., 1984), and absorbances of the pigment extract at specific wavelengths were 
recorded. The concentration of chlorophyll a was determined by the formula of Parsons 
and Strickland (1965). 
The cells were collected by centrifugation (3000 g) at the end of their logarithmic phase 
and dried by lyophilisation. Samples for fi-carotene determination were saponified 
under reflux and extracted with hexane. An aliquot of the hexane extract was 
chromatographed on alumina and the β-carotene determined by a colorimetric method 
(De Ritter & Purcell, 1981 ). Ascorbic acid was determined as described by Roe (1966) 
and Omaye et af. (1979). Vitamin E (tocopherol) was extracted with petroleum ether 
and diethyl ether, the extract chromatographed by Florisil (Sigma) and the vitamin E 
determined fluorimetricaliy in the appropriate fraction (Demetriou, 1969). 
Results are expressed as contents of vitamin per cell, per gram of dry matter and per 
mg of chlorophyll a, and also yields of vitamins per litre of culture. 
 
RESULTS AND DISCUSSION 
The source of nitrogen used in the culture medium affected the biomass production at 
the end of the logarithmic phase, expressed both as cellular density and as yield in dry 
matter per litre (Table 1). Maximum cellular density was obtained in urea cultures with 
values of 7·53 x 106 cells/ml wlfereas minimum va lues occurred with nitrite and 
ammonium cultures, with 5·45 x 106 and 5·60 x 106 cells/ml, respectively. Variations in 
cellular density of 38% occurred as a function of the nitrogen source. Maximum yield 
(dry matter per litre) was also obtained in urea cultures, with 0·76 g of dry matter/litre, 
whereas minimum yields were obtained in nitrate cultures (0·59 g/litre ). Chlorophyll a 
values per ml of culture were very similar among the different nitrogen sources (Table 
1), with values about 28 mg/litre. 
 
The cellular contents of the three vitamins assayed appear very similar among the 
different nitrogen sources used (Fig. 1), with the exception of the β-carotene content in 
nitrite cultures and vitamin E content in urea cultures, that were significantly lower than 
those of the other nitrogen sources. 
However, there are significantly differences in each vitamin content per dry matter, per 
litre and per unit of chlorophyll a in function of the nitrogen source used in the culture 
media (Figs 2, 3, 4). These differences are mainly due to the different biomass 
production obtained with the different nitrogen sources. 
 
β -carotene concentrations per litre of culture obtained with the different nitrogen 
sources were 2·22 mg/litre in nitrate cultures, 1·19 mg/litre in nitrite cultures, 2·19 
mg/litre in ammonia cultures and 2·95 mgjlitre in urea cultures (Fig. 2). Maximum β -
carotene values per g of dry matter were also obtained in urea and nitrate cultures, with 
values of 4·03 and 3·76 mg/g, respectively (Fig. 3). Differences higher than 100% 
occurred between β -carotene content in urea cultures and in nitrite cultures, since in 
these cases, besides biomass differences, changes in cellular content were also found 
(Fig. 1). 
Different species of the genus Dunaliella possess the ability to accumulate large 
amounts of β -carotene under different conditions. D. bardawil was shown to 
accumulate β -carotene to at  least 8% of its dry weight when grown under defined 
conditions such as high light intensity, high salt concentration, extreme temperatures or 
nutrient deficiency (Ben-Amotz et ai., 1982). 
Other β -carotene non-accumulating strains of Dunaliella grown under similar 
conditions, or D. bardawil grown under non-accumulating conditions, contain about 
0·3% β -carotene (Ben-Amotz & Avron, 1989a ). D. tertiolecta cultures were carried out 
under β-carotene non-accumulating conditions and the concentrations obtained 
amounted to between the 0·2 and 0·4% of the dry matter, showing significant 
differences in β-carotene content among the different nitrogen sources used in the 
culture medium.  
Significant differences can also be observed (Fig. 4) in β-carotene in mg per gram of 
chlorophyll a among the different nitrogen sources used in the culture medium. 
Maximum values were obtained in urea cultures with 104·28 mg β-carotene/g 
chlorophyll a. This value is 33-36% higher than those obtained in nitrate and ammonia 
cultures and 147% higher than that obtained in nitrite cultures. The ratio β-carotene/ 
chlorophyll a had been used for establishing not only the effect of light quality and 
intensity but also the effect of nitrate concentrations in cultures of different Dunaliella 
species (Ben-Amotz & Avron, 1983, 1989b). It has been shown that this ratio varies 
depending upon light (quality and intensity ) (Ben-Amotz & Avron, 1989b ) and also 
depending upon nutrient concentrations, as nitrate and sulphate concentrations (Ben-
Amotz & Avron, 1983). The present data show also variations due to the nitrogen 
source used in the culture medium. The increase in the β-carotene/ chlorophyll a ratio 
can be due to increased net production of β-carotene, a decrease in chlorophyll a or 
both (Ben-Amotz & Avron, 1983). Under the present conditions, chlorophyll a 
concentrations were similar in all the nitrogen sources used (Table 1), therefore 
changes are due to differences in the β-carotene production in function of the nitrogen 
source. 
Maximum values of vitamin C/litre of culture were obtained in urea cultures, with 1·68 
mg/litre, whereas minimum values were found in nitrite cultures, with 1·03 mg/litre (Fig. 
2). Results obtained with ammonium and nitrate cultures are very similar (1'21 and 
1·30 mg/litre, respectively). Values of ascorbic acid obtained with the different nitrogen 
sources per dry matter were 2·20 mg/g of dry matter in nitrate cultures, 1·67 mg/g in 
nitrite cultures, 1·83 mg/g in ammonium cultures and 2·31 mg/g in urea cultures (Fig. 
3). 
Variations in vitamin C contents in mg per gram of chlorophyll a among the different 
nitrogen sources used in the culture medium are lower than those found in β-carotene 
contents (Fig. 4), but results show certain parallelism. Maximum and minimum values 
occurred in urea and nitrite cultures, respectively, with a 63% difference between them. 
Studies carried out with the freshwater microalga Scenedesmus acutus show ascorbic 
acid values between 705 and 1653 mg/kg (Becker, 1980); these studies show a great 
variability in vitamin C content in function of the processing method. D. tertiolecta, 
under the present conditions, shows higher values of ascorbic acid with all the different 
nitrogen sources, with values between 1670 and 2310 mg/kg. 
Tocopherol values obtained with the different nitrogen compounds were 1·81 mg/g of 
dry matter in nitrate cultures, 1-47 mg/g in nitrite cultures, 1·50 mg/g in ammonium 
cultures and 1·07 mg/g in urea cultures (Fig. 2). Concentrations of tocopherol/litre were 
similar among the different inorganic nitrogen sources, with values between 0·91 and 
1·07 mg/litre whereas this concentration is significantly lower in urea cultures, with a 
value of 0·78 mg/litre of culture (Fig. 3).  
Vitamin E/chlorophyll a ratios presented lower variations among the different nitrogen 
sources than variations occurring in β-carotene/ chlorophyll a and vitamin C/chlorophyll 
a ratios (Fig. 4). In this case, maximum values appear in nitrate cultures whereas urea 
cultures show the lowest values. Variations accounted for 36%.  
Vitamin E plays an important role as antioxidant, both in vivo and in vitro, and its 
increasing importance as stabilizer of membrane lipids and its influence in the stability 
and permeability of membranes has been reported (Giasuddin & Diplock, 1981 ). Early 
studies on vitamin production by microorganisms showed that most of the prokaryotes 
and the yeasts showed little or no tocopherol (Hughes & Tove, 1982). However, one 
freshwater microalga, Euglena gracilis, resulted in a potential source of tocopherol, with 
vitamin E values between 1·12 and 7·35 mg/g dry matter, under conditions of oxygen 
starvation, low temperature and high light intensity (Ruggeri et al., 1985 ). Vitamin E 
content of D. tertiolecta varies between 1·07 and 2·20 mg/g dry matter under the 
present conditions, and this content probably can be increased under suboptimum 
conditions. This content is higher in D. tertiolecta than in conventional food traditionally 
considered rich in it (Geigy, 1975). 
Variations in the β-carotene, vitamin C and vitamin E content of D. tertiolecta have 
been shown to result from the nitrogen source used in the culture medium. Differences 
of 101%, 38% and 69% have been found in β-carotene, ascorbic acid and tocopherol 
content in mg/g, respectively, and differences of 147%, 63% and 37% occurred in β-
carotene, vitamin C and E concentrations in mg/litre, respectively. Maximum β-
carotene and vitamin C values were found in urea cultures, whereas urea cultures 
showed the minimum values for vitamin E. 
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